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Feature
The deep sea under siege
Life has hardly got any place left to hide as even remote ecosystems on the 
deep ocean floor are affected by climate change, fisheries, and the quest for 
mineral resources. Michael Gross reports. B
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Mineral source: The fluid ejected from hy-
drothermal vents (black smokers) contains 
valuable minerals, which accumulate in the 
sediment around the vents. The image shows 
a black smoker known as The Brothers, off 
the coast of New Zealand. (Photo: National 
Oceanic and Atmospheric Administration/
Wikimedia Commons.) eneath deep ocean waters, the sea 
oor remains very difficult to access 
nd to investigate. Only three people 
ave been more than ten kilometres 
elow the surface, compared with 
welve astronauts who have walked 
n the moon. Only a few manned 
esearch submarines can even dive 
eeper than four kilometres, including 
apan’s Shinkai 6500, France’s 
autile, Russia’s Mir 1 and 2, and the 
S veteran Alvin. 
As they are uncoupled from the 
agaries of the wind and weather, 
eep waters can provide relatively 
table environments and offer 
efuges for slowly evolving species, 
ike the coelacanth and the recently 
equenced elephant shark. If, as 
ome research suggests, the Earth 
ent through one or more ‘snowball’ 
eriods with glaciation even at the 
quator, refuges on the sea floor 
round volcanic energy sources 
ay have saved life on Earth from 
xtinction. 
And yet, the deep waters still have 
 role to play in global cycles and 
emain connected to events at the 
urface. Recent research suggests 
hat climate change also affects 
he biomass of deep ecosystems. 
oreover, deep-sea fisheries and 
 gold rush in the field of sea-floor 
ining add to the threat to the deep 
iotopes that we still know too little 
bout. 
rojecting change 
he rich ecosystems in geologically 
ctive areas of the sea floor, 
ften deriving their energy from 
hemosynthetic mechanisms, have 
ound significant interest since their 
rst discovery in the 1970s. Their 
ifestyle depends on parameters 
uch as the mineral composition of 
hermal fluids coming out of warm 
prings or hydrothermal vents. Thus, 
ogether with organisms in deep 
ock formations, they are somewhat 
hielded from the damage we 
umans are inflicting on our planet at 
urface level. Most of the deep ocean floor, 
however, is less densely populated, 
and ecosystems there are typically 
nutrient limited. Life on the cold dark 
seabed, away from the hot springs 
and beyond the reach of the sunlight,
depends on food raining down from 
the top, from particulate carbon to 
the very occasional whale cadaver. 
Thus, any change to the ecological 
balance of the sunlit layer of the 
water column, be it from fisheries, 
climate change, or other influences, 
is likely to affect the ecosystems on 
the sea floor below. Conversely, life 
at the bottom has an important role 
to play in sequestering the carbon 
coming down and also in stopping 
methane seeping out of the crust 
from reaching the atmosphere (Curr. 
Biol. (2012) 22, R1023–R1025). 
Precisely how change at the top 
would trickle down to the bottom of 
the ocean, and what feedback effects
might ensue, has long remained 
open to debate based on qualitative 
estimates. However, Daniel Jones 
from the UK’s National Oceanography
Centre at Southampton, together 
with colleagues from France, Canada 
and Australia, has now published 
quantitative modelling data in an 
attempt to predict how these changes
might play out by the end of this 
century (Glob. Chang. Biol. (2013), 
http://dx.doi.org/10.1111/gcb.12480). 
Using eight established Earth 
system models that allow for 
interaction between the atmosphere 
and the oceans, the authors modelled
the long-term trends in the export of 
carbon from the upper levels of the 
oceans to the sea floor and estimated
how these changes would affect 
seafloor biomass. They arrive at the 
conclusion that globally the carbon 
nutrients raining down to the bottom 
of the oceans will be reduced, leading
to 5.2% biomass reductions in the 
last decade of this century compared
to today. This figure is based on the 
most likely high emissions scenario 
from the latest IPCC report on climate
change (RCP8.5), but if carbon emissions are significantly curbed 
(scenario RCP4.5), these changes 
could be reduced to 2%.
This global average disguises 
large regional differences. While 
some areas even see an increase in 
nutrient availability, parts of the North 
Atlantic may experience a decrease 
by 38%. The data suggest that more 
than 80% of the areas that are likely 
to host high biodiversity, including 
sea mounts, canyons, and cold water 
coral reefs, will see a significant 
decrease in biomass due to shortage 
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Reaching out: Deep-sea ecosystems are affected by climate change and fisheries. Starting 
later this year, deep-sea mining is likely to add to the threats to the as yet poorly understood 
habitats on the sea floor. The picture shows the squid Alluroteuthis antarcticus at 2.4 km deep 
in the Southern Ocean. (Photo: NERC ChEsSo Consortium.)of food supply. “We were expecting 
some negative changes around the 
world, but the extent of changes, 
particularly in the North Atlantic, was 
staggering. Globally we are talking 
about losses of marine life weighing 
more than every person on the planet 
put together,” Jones explained in a 
press statement. 
A likely response to the shortage 
is a shift to smaller life forms 
through species replacements, as 
larger organisms are more likely to 
suffer than smaller ones. Where life 
becomes too hard for all multicellular 
organisms, microbes may take 
over. As has become clear in recent 
years, many sea floor sediments 
host ecosystems based exclusively 
on single-cell microbes (bacteria 
and/or archaea) and the viruses that 
infect them. In these systems, the 
viruses play the role of predators in 
limiting the population of the cellular 
organisms, as Tim Engelhard and 
colleagues from the University of 
Oldenburg, Germany, have recently 
confirmed with a detailed headcount 
of sediment samples from the South 
Pacific Gyre (ISME J. (2014) http://
dx.doi.org/10.1038/ismej.2013.245). 
Moreover, by lysing the cells that 
they infect, viruses ensure that the 
nutrients which they contain are liberated for the continued growth 
of other microbes. In comparison 
to grazing by larger organisms, this 
basic food web organisation keeps 
the sparse nutrients in situ (Nature 
(2008) 454, 1084–1087). 
Razed grounds
The fate of life on the sea floor 
also depends on fishing activities 
in the waters above in complex 
ways. Depletion of biomass and 
biodiversity may further reduce the 
food available, but on the other 
hand removal of top predators may 
encourage organisms further down 
the food chain. Changes towards 
making the EU Common Fisheries 
Policies (CFP) more sustainable were 
agreed by the European Parliament 
in November last year, so researchers 
will soon be able to study how they 
affect life on the sea floor. 
One practice that is most definitely 
disastrous for sea floor ecosystems 
is bottom trawling. Following the 
depletion of fisheries in Europe’s 
coastal waters, fishing fleet of four 
EU member states, namely Spain, 
Portugal, France, and Germany 
have moved into deeper water in 
the North East Atlantic and are now 
using trawl nets at depths of up to 
1,500 metres. According to data from the NGO 
Oceana, the EU’s deep sea fleet has 
caught around 40,000 tonnes per 
year in recent years, of which up to 
80% was discarded. (However, the 
practice of discarding bycatch at sea 
will now be banned under the revised 
CFP.) More than half the catch is 
made by bottom trawlers, which raze 
an area the size of Ireland every year. 
The heavy trawl nets being dragged 
over the sea floor can severely 
damage habitats or even destroy 
them altogether. As deep sea species 
tend to be slow in their growth and 
reproductive cycles, experts fear that 
such damage may take decades or 
even centuries to heal. 
In the course of the revision of the 
CFP, the EU has also considered 
banning bottom trawling. However, 
in a plenary session last December, 
a majority of the EU parliament gave 
in to the demands of the fishing 
industry and backed a compromise 
proposal that allows bottom trawling 
to continue with the exception of 
especially vulnerable areas that the 
EU can mark as protection zones. 
According to the approved 
document, “member states must 
use the best scientific and technical 
information available to identify 
where vulnerable marine ecosystems 
are known to occur or are likely to 
occur. Based on this information, 
the Commission should establish 
a list of these areas, which would 
then be closed to all EU vessels if 
the areas are in the high seas, and to 
all vessels in general when they are 
situated in Union waters.”
The document also includes 
a review clause calling for an 
evaluation after four years. Should 
the Commission find that the 
measures don’t provide sufficient 
protection for deep sea ecosystems 
and fisheries, it may still proceed with 
plans to ban certain types of fishing 
gear altogether. After consultation 
with member states, the document 
will go through a second reading this 
year. 
A new gold rush?
As the dangers from unsustainable 
fisheries may (hopefully) recede, a 
new threat to deep-sea ecosystems 
is emerging. Plans to mine 
minerals from the deep sea, from 
the manganese-rich nodules to 
the deposits surrounding black 
smokers, have long been discussed 
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In bloom: Life in deep-sea-vent communities, as illustrated by this mosaic image of species 
found at a deep-sea vent 2.4 km deep in the Southern Ocean, is still fairly unaffected by hu-
man activities. Deep-sea mining could change that. (Photo: Leigh Marsh & Jon Copley, NERC 
ChEsSo Consortium.)on a more speculative basis, but, 
over the past few years, progress 
in technology and rising prices in 
mineral commodities have made the 
option look more attractive. Thus, the
International Seafloor Authority (ISA) 
has handed out exploration licences 
to more than a dozen countries in 
recent years. 
A revised Deep-Sea Mining Bill 
is currently going through the UK 
parliament’s committees and is 
expected to become law later this 
year. A Deep-Sea Mining Summit will 
be held in London on 17–18 March, 
to “bring together a large array of 
solution providers, upcoming deep 
sea miners, members from the 
scientific community, and those within
allied industries wanting to learn 
more about the opportunities within 
this emerging marketplace” (http://
deepsea-mining-summit.com/). One 
company is ready to start work on the
sea floor this year. 
Nautilus Minerals, based in 
Toronto, Canada, has signed a 
partnership deal with the government
of Papua New Guinea to start 
exploratory mining work on a site 
known as Solwara 1. In October 
2013, the plans were stalled amidst 
disputes between Nautilus and the 
government over financial details. In 
the meantime, campaigners against 
the project have criticised that 
residents of the nearby coastal areas
had neither been consulted over 
the plans, nor informed of risks of 
chemical pollution which could arise 
from stirring the mineral deposits 
on the sea floor or from accidental 
spillage of materials brought up to 
the surface. 
As many companies and 
governments are now hoping to find 
treasure at the bottom of the seas, 
critics fear that a project starting 
off without informed consent of 
the local population could set a 
bad precedent. Helen Rosenbaum, 
coordinator of the Deep Sea Mining 
campaign, said: “With over 1.5 million
square kilometres of Pacific Ocean 
floor under exploration leasehold 
around the Pacific, communities 
fear their governments will rush 
into granting licences before there 
has been open debate and before 
scientific studies have been able to 
assess the risks to livelihoods, health
and ecosystems.”
Scientists are also concerned that 
a gold rush on the sea floor may  
 
 
 
destroy unique ecosystems before 
science has even had a chance to 
study them in detail or to learn how 
best to protect them. “We’re still 
just grappling with this reality of 
commercialization of the deep sea 
and scrambling to figure out what we 
need to know,” Alvin veteran Cindy 
Lee Van Dover, now director of the 
Marine Laboratory at Duke University, 
told National Geographic.
The case for exploitation of deep-
sea mineral resources is mainly 
based on relatively easy access, once
the mining machinery has reached 
the sea floor. Whereas terrestrial 
mining operations often rely on 
deep excavations and displacement 
of massive amounts of material, 
mineral resources on the sea floor 
are typically spread out in the open. 
Metal-rich nodules that occur in high 
density in certain areas can just be 
picked up by robotic hands. 
In the vicinity of hydrothermal vents
(black smokers), the heavy metals 
responsible for the characteristic 
smoke plume are found in the 
sediment, which can just be scooped 
up and pumped to the surface for 
processing. However, these sites are 
also home to unique ecosystems, and
digging up the sediment around them 
may cause damage in ways we don’t 
even understand yet. As each black 
smoker site is an oasis in much more 
barren surroundings, the survival 
of the local ecosystem would be a 
crucial issue, and companies may have to develop specific strategies 
to keep disturbance at a survivable 
level. 
The ISA may also want to think 
about which resources, if brought up 
from the sea floor, would actually add 
value to the global economy. While 
some metals are in high demand for 
the electronics industry and may 
eventually have to be mined from the 
sea floor, Nautilus Minerals names 
gold as one of the three main metals 
it hopes to mine at Solwara 1. 
A figure that has been cited as 
justification for deep-sea mining 
states that the sea floor contains four 
kilograms of gold for every person on 
the planet, at a current market value of 
around $160,000. However, mining that 
gold would of course add no value to 
the global economy, nor would it make 
every person on the planet $160,000 
richer. As gold is valued for its rarity 
rather than its practical use, mining 
large amounts of it would just deflate 
the price, so the mining company and 
its backers would only get rich at the 
expense of those who already own 
gold. Governments and international 
authorities should therefore think 
twice before handing out permissions 
for a new gold rush and endangering 
ecosystem services that in real life are 
more valuable than the gold on the 
sea floor. 
Michael Gross is a science writer based at 
Oxford. He can be contacted via his web 
page at www.michaelgross.co.uk
